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@ Method for transferring heat between process liquor streams.

A method of transferring heat between process liquor
streams, such as streams of caustic liquor in the Bayer process
for producing alumina from bauxite, utilizing a heat pipe
arrangement for heat exchange. The process streams respec-
tively pass in contact with one surface of a first heat-exchange :
wall and one surface of a second heat-exchange wall while - w
being isolated from the second surfaces of the two walls; these
second walls are exposed to a closed volume (also isolated
from both process streams) containing a heat transfer fluid that
vaporizes below the temperature of the hotter process stream
and condenses above the temperature of the cooler process
siream. The heat transfer fluid vaporizes at the exposed surface
of the wall contacted by the hotter stream, and condenses at
the exposed surface of the wall contacted by the cooler stream,
thereby transferring heat (as heat of vaporization) from the
former stream to the latter.
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Description

METHOD FOR TRANSFERRING HEAT BETWEEN PROCESS LIQUOR STREAMS

Background of the Invention

This invention relates to methods for transferring
heat between process liquor streams, to effect
simultaneous heating of one stream and cooling of
another, while maintaining both of the streams in
liquid phase. As used herein, the term “"process
liquor stream” refers to a flow of liquid (which may or
may not contain solid particulate material, e.g. as a
slurry) in an industrial or like process, under
transport between successive process operations
performed on or with the stream at respectively
different temperatures. In an important particular
sense, to which detailed reference will be made
below for purposes of specific illustration, the
invention is directed to methods for transferring heat
between process liguor streams in the Bayer
process for producing aluminum oxide from bauxite.

The need to transfer heat to or from liquors and/or
slurries with a tendency to scale occurs frequently in
the chemical and metallurgical industries, as, for
example, in hydrometaliurgical operations for the
extraction of metal values from solid ores into
alkaline or acidic extracting solutions. In many
cases, as in the digestion of bauxite in the Bayer
process, it is necessary to raise the temperature of
the slurry to some extraction temperature well above
atmospheric boiling point, and then cool the di-
gested slurry back to approximately atmospheric
boiling point before the insoluble solid residues can
be separated. :

In the Bayer process, bauxite ore is mixed with
caustic liquor and treated ("digested”) under condi-
tions of elevated temperature and pressure to
dissolve the aluminum oxide values in the ore as
sodium aluminate. After digestion, the hot liquor or
slurry, carrying insoluble ore material ("red mud”)
and dissolved sodium aluminate, is cooled, and the
red mud is separated from the liquid of the slurry; the
liquid, containing the dissolved sodium aluminate,
commonly referred to as pregnant liiquor, is then
cooled further and treated (as by seeding with
aluminum hydroxide and stirring) to precipitate
aluminum hydroxide. The coarsest part of this
precipitate is separated out and ultimately caicined
{o obtain alumina as the end product, and the finer
part is redirected as seed, while the remaining liquid
("spent liguor”) is recycled, possibly evaporated and
regenerated with addition of caustic, and heated to
treat fresh quantities of bauxite.

To save energy costs, it is advantageous fo effect
as much as possible of the reheating of the spent
and/or regenerated liquor by heat transfer from the
hot digested slurry, which is to be cooled. That is to
say, it is highly desirable to be able to recover the
sensible heat from the digested slurry stream being
cooled inio the spent and/or regenerated liquor
stream being heated as completely as possible so as
to economize to the greatest possible extent on the
quantity of heat which has to be supplied from an
external source {(almost always derived from burning
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a relatively expensive fuel).

Theoretically, the heat exchange might be ef-
fected through a heat-exchange wall such as a
heat-conductive tube or plate having opposite
surfaces respectively in contact with countercurrent
flows of the digested slurry and spent/regenerated
liquor streams. Problems of scale formation, how-
ever, have prevented successful use of such
arrangements. Scale from the caustic slurry and
spent/regenerated liquor streams deposits on both
surfaces of the heat exchange structure, decreasing
its thermal transmissivity; and while the scale can be
removed from one such surface {especially, from the
inside of a cylindrical conduit), removal of scale from
the opposite surface, in a heat exchanger of
otherwise practicable design, is extremely difficuit
and inconvenient.

Thus, while it would be very desirable to accom-
plish the heat exchange by slurry-siurry or slurry-
liquor heat transfer, there is a real problem of finding
suitable equipment in which to accomplish this,
because of the well-known tendency of these
streams to produce tenacious heat-insulating scales
on heating surfaces, which must be cleaned periodi-
cally; the problem is especially severe for operation
in the temperature ranges in which scales (such as
calcium titanates) are formed which are difficult or
impossible to remove in practice by chemical means,
so that mechanical or high-pressure liquid jet
cleaning has to be used. In the case of shell and tube
exchangers, scale could form on both sides of the
tubes; while the inside surfaces of the tubes could
be cleaned mechanically or by jetting (hydraulically)
as they are now, the outside surfaces are largely
inaccessible even in heaters with removable bund-
les. Plate heat exchangers, for which all surfaces are
readily accessible, might seem to answer the need,
but in fact plaie heat exchangers are applicable over
only a limited range of pressures due to gasket
problems, especially in the larger sizes, and the
close clearances involved between the plates and at
the feed and offtake poinis make their use proble-
matic in the case of abrasive slurries.

At present, most Bayer plani circuits accomplish
transfer of heat between the caustic process liquor
streams by carrying out the cooling of the digested
slurry (which is initially at elevated pressure) by
flashing the slurry stepwise, at gradually decreasing
pressures, collecting the steam flashed at each
pressure level, and condensing the steam on the
shell side of shell and tube heat exchangers (or on
the jacket side of concentric tube digesters) for
heating the liquor or slurry passing to or through the
digesters. After separating the red mud residue,
further heat exchange is carried out between the
pregnant and spent liquor streams to cool the
former to the temperature required for precipitation,
and typically this is effected by a comparable
flashing/heat exchanger system operating at below
atmospheric pressure ("vacuum heat exchanger”).
This procedure has two main advantages: first,
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provided that carryover of spray droplets with the
flashed steam is eliminated or avoided by suitable
design of the flash tanks and mist separators, the
shell side of the heat exchanger or the jacket side of
the tube digester is in contact only with condensing
steam, and apart from impurities dissoived in the
steam {e.g. steam-distilled complexes) there is
relatively little danger of formation of scale on this
side of the heat transfer surface; and second, the
steam which is condensed in the heat exchanger
shells or the tube digester jackets is removed from
the system, thereby aiding the water balance of the
process by providing evaporation.

However, the flashing method of heat recovery
suffers from significant thermal disadvantages. Be-
cause of the nature of the flashing process, and
because the boiling point of the aqueous caustic
liquor is elevated above that of water, the recovered
heat is degraded by the boiling point elevation of the
solution being flashed, which may be of the order of
15°C (above that of water) when high caustic
concentrations are used in digestion, and even at
relatively low caustic concentrations in digestion is
still of the order of 5°C. Hence, even assuming no
fouling of the heat transfer surfaces and a very large
heat transfer area per heater and very many stages
{ie., even assuming the limiting case of zero
approach temperature difference in the exchanger
and an infinite number of stages) the minimum
temperature that the digested siurry can achieve in
digestion systems fed with liquors with high caustic
concentrations, will be of the order of 15°C higher
than if the heat had been recovered between the
streams by means of slurry-liquor or slurry-slurry
surface heat exchange, with comparable fouling and
heat transfer area. In addition, since it is impractical
to have an infinite number of heat recovery stages, in
industrial practice there is a finite temperature drop
(typically of the order of 10°C) as the slurry being
cooled passes from one stage of flashing to the
next. Thus, the temperature of the cooled digester
slurry achieved in industrial practice using a heat
recovery system of flashing stages in series is up to
about 25°C hotter in the high caustic concentration
case than the thermodynamic minimum achievable
in a heat recovery system of counter-current surface
heat exchangers. The heat equivalent of this unre-
covered 25°C has to be supplied to the entire
digestion flow at the maximum digester temperature
(i.e., as high grade heat), at considerable additional
cost for energy.

Moreover, flashing from a pregnant stream in the
Bayer process concentrates the liquor (in terms of
caustic and alumina concentrations, but not, unfor-
tunately, with respect to the ratio of alumina to
caustic) beiween digestion and precipitation,
whereas to maximize the liquor productivities in
digestion and in precipitation it is desirable to avoid
any concentration of the liquor passing from the
former to the latter. Achieving evaporation by
flashing from the pregnant liquor in digestion (and in
vacuum cooling) is therefore counter-productive o
maximum liquor productivity in the circuit and is paid
for in terms of reduced energy efficiency elsewhere
in the circuit, nor is it usually possible to achieve as
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much evaporation per unit of energy expended in the
flashing systems -designed for cooling .as-in an
evaporator (on the spent side of the circuit) which is
specifically designed for evaporating. It- will be
apparent that in the case of a high-caustic flow
system involving an evaporator on the spent side of
the circuit which wiil normally be quite large enough
to provide all the mud and hydrate washlng water
that can be economically justified (except possmly in
the case of very poor grade bauxites with exception-
ally large mud factors), the additional evaporation
due to flashing in digestion and vacuum cooling has
little economic value in any case.

Tube digesters are known to be -useful in
hydrometallurgical operations for the extraction of
metal values from solid ores into alkaline or acidic
extracting solutions, especiaily where the extraction
has to be carried out at temperatures giving rise to
pressures above atmospheric, as is the case in the
Bayer process exiraction of alumina from bauxite
into caustic soda or caustic-aluminate solutions.
Among the advantages of the tube digester are the
close approach to plug flow, minimization of bypas-
sing, the high degree of turbulent mixing of the solid
and liquid phases, and the fact that by enclosmg the
tube in a second larger tube carrying a heating or
cooling medium (or several parallel tubes in a
common jacket), it is possible to simultaneously
effect heat transfer to or from the slurry durlng the
extraction process.

As described for example in U.S. Patent 3,497,317,
concentric tube-tube digesters have been proposed
for the Bayer process. In such service, however, the
outside surface of the inner tube scales as well as
the inner surface (which can be cleaned), and since
the outer surface is enclosed by the annular jacket, it
is not readily accessible for cleaning. by other than
chemical means by the circulation from time to time
of a descaling liquid of a suitable type through the
jacket space. In addition, dismantling the- concentric
tube device is difficult once this outer surface
becomes scaled. These problems (representing a
specific instance of the above-described scaling
difficulty associated with indirect heat exchange
between caustic process liquor streams in contact
with opposite surfaces of a tube or other heat-ex-
change wall), have prevented successful commer-
cial Bayer process operation of tube dlgesters in the
direct slurry-liquid or slurry/siurry heat exchange
mode, although tube digesters are in use with
flashed steam on the jacket side, with the disadvant-
ages. noted above.

The abovedescribed difficulties assomated with
heat transfer between digested slurry and spent
liquor in the Bayer process exemplify some of the
types of problems that can be overcome or
minimized by the present invention. Other problems
also overcome by the invention, in diverse environ-
ments of use, are discussed below.

Summary of the Invention

The present invention broadly contemplates the
provision of a method for transferring heat from a
first process liquor stream to a second process
liquor stream which is initially at a temperature lower
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than that of the first stream, comprising the steps of
passing the first and second streams in contact with,
respectively, a first surface of a first heat-frans-
missive wall and a first surface of a second
heat-transmissive wall, each of the walls having a
second surface which is opposed to the first surface
thereof and is exposed fo a closed volume for
containing a fluid, the streams being isolated from
each other, from the second surfaces of both walls,
and from the volume; maintaining a preselected gas
pressure within the volume; and maintaining, in the
volume, a liquid-state body of a fluid heat transfer
medium in contact with the second surface of the
first wall but only partly filling the volume, the
medium and the pressure being mutually selected
such that at the selected pressure, the medium has
a boiling point lower than the initial temperature of
the first stream but higher than the initial tempera-
ture of the second stream such that the medium in
the volume is partially in vapor state owing to
transfer of heat to the body from the first stream
through the first wall, the second surface of the
second wall being disposed for condensation
thereon of vapor-state transfer medium in the
volume by transfer of heat to the second stream
through the second wall, with return of condensed
transfer medium from the second surface of the
second wall to the body of the liquid heat transfer
medium in the volume.

In some instances, as where the process streams
to be heated and cooled respectively enter the heat
exchanger zone at temperatures below and above
100°C, the heat-transfer medium may be water and
the pressure maintained in the closed volume may
be 1 atm., no positive steps of establishing or
adjusting pressure being then required. If the
entering temperature of the hotier process stream is
somewhat below 100°C, water may still be used as
the ftransfer medium, provided that a suitable
subatmospheric pressure is established and main-
tained in the closed volume, or another fluid having a
suitably lower ambient-pressure boiling point may
be used, with a closed-volume pressure of 1 atm. In
this sense, in accordance with the invention, the fluid
heat-transfer medium and the pressure maintained
within the closed volume are mutually selected to
achieve the requisite relationship between fluid
medium boiling point (at the preselected pressure)
and process siream temperatures.

In currently preferred embodiments of the inven-
tion, the second wall is disposed above the first wall,
and the closed volume is arranged for free fluid
communication between the respective second
surfaces of these walls. Thus, vapor-state transfer
medium rises from the liquid-state body (which is in
contact with the first wall) to the exposed second
surface of the second wall within the closed volume,
and condensed (liquid-state) transfer medium re-
turns by gravity from the second wali to the body.
This heat transfer arrangement functions as a heat
pipe: heat of vaporization is taken up by the fluid
transfer medium from the first siream through the
first wall; the heat is effectively transported (as latent
heat of vaporization) by the ascent of the vapor-state
transfer medium to the second wall, and is given up
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(upon condensation of the fluid medium) to the
second stream through the second wall. Thereby,
the first stream is cooled while the second stream is
heated.

Advantageous applications of the invention in-
clude, without limitation, hydrometaliurgical and
other processes wherein heat is to be transferred
between process liquor streams that tend to deposit
scale on surfaces with which they come into contact.
With the present invention, only one surface of a
given heat-transmissive or heat-exchange wall is in
contact with either of the process streams, the other
surface of the wall being in contact with the fluid
transfer medium, which may {(depending on the
temperatures involved) be distilled water or other
fluid that does not deposit scale. 1t will be under-
stood that the term "scale,” as used herein, refers to
any deposit from a process siream that forms on a
wall in contact with the stream and reduces the heat
transmissivity of the wall. A "liquor that deposits
scale” is any process liquor that deposits such scale
on a wall with which it comes in contact.

Since only one surface of any wall is in contact
with any scale-depositing liquor siream, the heat
exchange structure used may be of a design that
enables ready removal of scale. For example, each
of the aforementioned walls may be a cylindrical
conduit, through the interior of which one of the
process liquor streams passes, the second-stream
(initially cooler) conduit being disposed above the
first-stream conduit; and the two conduits may be
laterally enclosed together within a third, larger
conduit or jacket defining the aforementioned
closed volume and partially filled with a non-scale-
forming fluid heat fransfer medium. Scale then forms
on the inner cylindrical surfaces of both conduits,
but as explained above, removal of scale from these
surfaces can readily and adequately achieved by
known techniques. The outer surfaces of the
conduits, from which it would be very difficult if not
impossible to remove scale owing to their enclosure
by the third conduit or jacket, have no scale
deposited on their surfaces. At the same time, the
efficacy of heat transfer is comparable to that
attainable in a conventional indirect heat-exchange
system between flowing liquid streams respectively
in contact with opposite faces of a heat-exchange
wall, because heat-pipe operation closely ap-
proaches isothermal heat transfer conditions.

Typically or preferably, the conduits extend gener-
ally horizontally. Moreover, each "wall” may be a
plurality of conduits, e.g. arranged in paraliel. Thus,
the first stream may flow through a first plurality of
conduits, and the second stream may flow through a
second plurality of conduits, all surrounded by the
third conduit or jacket, with the first plurality of
conduits disposed below the second plurality of
conduits and immersed in a body of fluid heat-trans-
fer medium contained within the third conduit.
Whether each "wall” is one or plural conduits,
however, the process streams contact only the
descalable inner surfaces of the conduits, and only
the non-scale-forming fluid heat transfer medium
contacts the outer surfaces of the conduits.

In addition, when each "wall” is constituted of one



7 EP 0335707 A2 8

or plural conduits (e.g. extending generally horizon-
tally, with the "cold” stream conduit or conduits
above the "hot” stream conduit or conduits), a
plurality of closed volumes isolated from each other
may be respectively provided by a plurality of
volume-defining jackets disposed in spaced tandem
relation io each other along the length of the
conduits, each of the volumes containing a body of a
fluid heat-transfer medium in liquid state, with
different equilibrium pressures respectively main-
tained in different ones of the volumes.

In particularly important specific aspects, the
invention contemplates the provision of methods of
heat transfer between caustic liquor streams in the
Bayer process for producing alumina (Al2O3) from
bauxite, where a slurry of bauxite in caustic liquor is
digested at high temperature and pressure to
dissolve alumina values as sodium aluminate. Stated
generally, the method of the invention may be
employed to transfer heat between any process
liquor streams in a Bayer process system as to
which such heat transfer is desired. As an exemplary
and valuable (but non-limiting) instance of these
aspects of the invention, in procedure for transfer-
ring heat from the hot digested slurry or pregnant
liquor through two heat exchange walls to fresh
caustic bauxite slurry or spent liquor while inhibiting
creation of scale on more than one surface of each
such heat exchange wall, the method of the
invention comprises causing the hot digested caus-
tic slurry or pregnant liquor to pass in contact with
one face of a heat exchange wall and thereby
transferring heat from the digested slurry or preg-
nant liquor to a heat transfer fluid in contact with the
other face of the wall, and causing spent liquor or
fresh caustic bauxite siurry to pass in contact with
one face of another heat exchange wall while
presenting the aforesaid heated heat transfer fluid
into contact with the other face of the last-men-
tioned wall, whereby heat from the digested slurry or
pregnant liquor is transferred into the fresh caustic
slurry or spent liquor, the transfer fluid being
non-scale-forming and the heat exchange walls
being each exposed to caustic liquor or slurry on
only one face thereof. The transfer fluid is essentially
in liquid state when it receives heat from the hot
slurry or liquor through the first-mentioned wall and
is thereby vaporized, and the aforementioned trans-
fer of heat from the transfer fluid occurs from vapor
state of the latter and comprises condensation at the
second-mentioned wall, the transfer fiuid thereby
returning to liquid state, and the transfer fluid in the
last-mentioned liquid state being recycled to the
body of transfer fluid in liquid state that is in contact
with the first-mentioned walil, the heat thus trans-
ferred from the digested slurry or pregnant liquor to
the fresh slurry or spent liquor thus comprising heat
of vaporization of the non-scale-forming transfer
fluid.

Stated with reference to its application to heat
exchange between Bayer process liquor streams,
the method of the invention renders scale-forming
problems manageable because each heat exchange
wall is exposed to scale-forming liquid only at one
face, which can be designed to facilitate scale
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removal. At the same time, it avoids disadvantages
of currently used flash heat exchange techmques
including the fimitation of efficacy resulting from the
high boiling point elevation of the caustic liquor, and
the undesired concentration of the digested slurry
stream, because it does not involve vaporization of
either of the causti liquor sireams betv.gen wiict.
heat is being transferred.

Further features and advantages of the invention
will be apparent from the detailed description
hereinbelow set forth, together wrth the accompa-
nying drawings.

Brief Description of the Drawings

Fig. 1is a diagrammatic illustration of a typical
conventional Bayer process system as known
in the prior art;

Fig. 2 is a fragmentary |Ilustrat|on similar to
Fig. 1, of a Bayer process operation incorpora-
ting an embodiment of the present invention;

Fig. 3 is a simplified schematic’ elevational
sectional view of one form of heat-exchange
arrangement for practicing the method of the
invention;

Fig. 4 is a cross-sectional view taken along
the line 4-4 of Fig. 3;

Fig. 5 is a view, similar to Fig. 4, ofa modrfled
heat-exchange arrangement smtable for the
present method,

Fig. 6 is a view, again similar to Fig. 4, of
another modified heat-exchange arrangement
suitable for the present method;

Fig. 7 is a fragmentary schematic eIevatlonaI
sectional view of yet another mOdlerd heat -eX-~
change arrangement suitable for the present
method;

Fig. 8 is a cross-sectional view taken anng
the line 8-8 of Fig. 7;

Fig. 9 is a schematic elevational sectronal
view of a further modified heat- exchange ar-
rangement suitable for the present method;

Fig. 10 is a fragmentary sectional plan view
taken along the line 10-10 of Fig. 9; and

Fig. 11 is a schematic perspective view of a
still further modified heat-exchange arrange-
ment suitable for the present method.

Detailed Description

The invention will be initially described as embo-
died in a method for effecting heat transfer between
caustic process liquor streams in ah otherwise
generally conventional instance of practice of the
Bayer process. In explanation of this environment of
use, reference may be made to Fig. 1, which shows
in diagrammatic or flow-sheet form an example of a
known Bayer process system utilizing a prior art heat
exchange arrangement for performing such heat

- transfer.

In the Bayer process, system of Fig. 1, bauxite ore
is subjected to crushing and grinding at stage 10 in
mixture with a quantity of aqueous caustic fiquor,
and advanced as a slurry to a digestion stage 11 to
which additional aqueous caustic liguor is also
supplied. In the digester 11, the slurry of bauxite in
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caustic liquor is heated, under conditions of elevated
(superatmospheric) pressure, to a temperature
substantially above the atmospheric boiling point, so
as to dissolve the aluminum oxide values in the ore
as sodium aluminate. The digested hot liquor or
slurry, carrying insoluble ore material ("red mud”)
and dissolved sodium aluminate, is cooled in stage
12, and the red mud is separated from the liquid of
the slurry in a separation and filtration stage 14. The
red mud is washed at 16 and discharged, with
overflow liquid from the washing stage returned to
the main process loop. Typically the washer overflow
stream also has to be filtered. After further cooling in
stage 18, this liquor, containing the dissolved
sodium aluminate, is treated at stage 20 (as by
seeding with aluminum hydroxide and stirring) to
precipitate aluminum hydroxide.

The aluminum hydroxide precipitate is separated
out in classification stage 22 and calcined in stage 24
to obtain alumina (Al203) as the end product, while
the remaining caustic liquid ("spent liquor”) is
recycled, possibly evaporated, regenerated with
addition of caustic, and heated to treat fresh
quantities of bauxite. Specifically, the spent liquor is
regenerated with caustic and heated by heat transfer
from the digested slurry stream in successive stages
26 and 30, between which it is concentrated by
evaporation in stage 28. In stage 30 the liquor is split
into two streams, of which one is conducted to the
crushing and grinding stage 10 for mixture with fresh
bauxite, while the other is further heated, with
external supply of heat in heater 32, and delivered to
the digester 11.

Specific process conditions (temperatures,
pressures, concentrations, etc.), and the provision
of suitable equipment (e.g. pumps for effecting
liquor circulation), etc., in such a sysiem are entirely
familiar to persons of ordinary skill in the art, and
accordingly need not be further described.

In accordance with conventional prior art practice,
the cooling stage 12 for the digested slurry and the
heating stage 30 for the regenerated liquor are
coopera tively constituted as a series of flash heat
exchangers 36, wherein successive steps of press-
ure reduction of the digested slurry (in stage 12)
cause flashing of steam, i.e. conversion of some of
the slurry water to steam, which condenses (in stage
30) on an exposed surface of a heat-exchange wall
having an opposite surface in contact with spent/re-
generated liquor to be heated. The flashing in stage
12 cools the digested slurry by abstracting heat of
vaporization therefrom, while the condensation of
steam in stage 30 heatis the spent/regenerated
liguor by transferring the heat of vaporization
thereto, through the heat-exchange wall. The cool-
ing stage 18 and heating stage 26 are similarly
cooperatively constituted as a series of flash heat
exchangers 38, functioning in the same manner as
exchangers 36.

In this arrangement, since the condensing steam
is essentially only water, the problem of scale
buildup on uncleanable surfaces is largely or entirely
avoided. The efficacy of heat exchange is neverthe-
less limited by the relatively high boiling point
elevation of the caustic digested liquor, as well as by
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heat losses inherent in the equipment design, so
that a substantial external heat supply at stage 32 is
required. In addition, the flash evaporation of the hot
slurry increases the liquor concentration at a point in
the cycle at which increased concentration is
undesirable from the standpoint of maximizing liquor
productivity in the digestion and precipitation steps.

The method of the invention, in the embodiment
now to be described, overcomes these disadvant-
ages, yet without introducing the problems of
unremovable scale formation that would result from
indirect heat exchange between countercurrent
caustic liquor streams respectively in contact with
opposite surfaces of a common heat-exchange wall
through which the heat is transferred.

A system for practice of the Bayer process
incorporating an embodiment of the present method
is illustrated diagrammatically in Fig. 2, wherein like
stages are identified by like reference numerals. The
system of Fig. 2 may be substantially identical to that
of Fig. 1, in a functional sense, except that the
flash-type heat exchangers 36 {cooling stage 12 and
heating stage 30) and 38 (cooling stage 18 and
heating stage 26) are respectively replaced, in Fig. 2,
by heat-pipe heat exchangers 40 and 42 for
performing the method of the invention. Introduction
of caustic, to regenerate the spent liquor, is
indicated at 44.

The heat exchanger 40 (to which the heat
exchanger 42 may be essentially identical in struc-
ture and arrangement) is shown in detail in Figs. 3
and 4. It comprises a first cylindrical, heat-conduc-
tive metal tube or conduit 46 for conducting a stream
of hot digested slurry from the digester 11; a second
cylindrical, heat-conductive metal tube or conduit 48
for conducting a stream of spent/regenerated liquor
to be heated for return to the digester; and at least
one shell or jacket 50 surrounding both conduits 46
and 48 laterally to define an enclosed volume 52
partially filled with a liquid-state body 54 of fluid heat
transfer medium. The conduits 46 and 48 extend
horizontally, in vertically spaced parallel relation to
each other, with the conduit 46 that carries the
hotter stream disposed below the conduit 48 that
carries the cooler stream. The jacket 50 is illustrated
as a horizontally extending tube or pipe section
disposed in axially parallel relation to conduits 46
and 48 and having an inner diameter large enough to
encompass both conduits with clearance, the ends
56 and 58 of the jacket being closed (and sealed
around the conduits 46 and 48, which protrude
through these ends) for containing the fluid heat
transfer medium in a closed system.

In this structure, the hot digested slurry passes
through the interior of conduit 46 in a first direction
(arrow 60) while the spent/regenerated liquor o be
heated passes through the interior of conduit 48 in a
countercurrent direction (arrow 62). Each siream is
isolated from the other, and from the closed volume
52, by the conduit in which it flows. Each conduit is a
heat-transmissive or heat-exchange wall, having an
inner cylindrical face or surface in contact only with
the process liquor stream flowing through it, and an
outer face or surface exposed to the interior of the
closed volume 52 but isolated from both process
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surfaces.

The body 54 of liquid-state heat transfer medium
is shown as filling only about the lower half of the
closed volume 52, so that the lower conduit 46 is fully
submerged in this liquid body while the upper
conduit 48 is fully exposed above the liquid body,
withir 1. closed volume. The fluid transfer madium
is selected, with reference to the temperature range
involved in the heat-exchange operation, so that it
vaporizes (at the pressure in the shell) at a
temperature below the temperature at which the
hotter process liquor stream (in conduit 46) enters
the heat exchange zone defined by jacket 50 but
condenses at a temperature above the temperature
at which the cooler liquor stream (in conduit 48)
enters the heat exchange zone; i.e., the transfer
medium has a boiling point below the first-stream
temperature but above the second-stream tempera-
ture. For the range of temperatures encountered in
the Bayer process environment herein described,
water is a suitable heat transfer fluid. The heat
transfer medium is also selected so that it does not
deposit scale or cause corrosion or other surface
problems on the conduits 46 and 48 even over very
extended periods; an example of such a medium is
deionized water containing a small amount of
corrosion inhibitor as an additive.

It may be necessary to adjust conditions initially in
the closed volume to cause the heat transfer
medium to boil, when starting up the system. For
instance, if water is being used as the heat iransfer
medium and the warmer process stream is at 80°C,
the heat transfer medium will not boil if the pressure
in the closed volume is 1 atm. However, if the
pressure in the closed volume is reduced by partial
evaporation to, say, 1/3 atm. at room temperature
before the closed volume is sealed, there will be no
problem in causing the water to boil at 80°C.
Similarly, it is of interest to exclude noncondensable
gases (e.g. air) from the closed volume in order to
avoid a contribution of the partial pressure of these
gases to the total pressure within the closed volume
or jacket. Stated more broadly, then, the fluid heat
transfer medium and the pressure in the closed
volume are mutually selected so that the medium, at
that pressure, boils at a temperature below the
temperature of the hotter of the two process
streams and condenses at a temperature above the
temperature of the cooler of the two process
streams. Appropriate selection of pressure within
the closed volume or jacket thus affords substantial
flexibility in the choice of the fluid heat exchange
medium.

In the practice of the present method in the heat
exchanger 40, hot digested caustic slurry to be
cooled is passed through (in contact with the inner
surface of) the lower conduit 46 while spent/re-
generated caustic liquor is passed in countercurrent
direction through (in contact with the inner surface
of) the upper conduit 48. Heat transmiitted through
the wali of conduit 46 to the body of water 50, which
is in contact with the conduit outer surface, causes
vaporization of water from the body, because the
temperature of the hot digested slurry is significantly
above the boiling point of water. Thereby, heat of
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vaporization is abstracted from the digested slurry
stream, cooling that stream. The steam thus pro-
duced rises into contact with the exposed -outer
surface of conduit 48, where it condenses; owing to
the relatively low temperature of the liquor stream in
the latter conduit; in condensing, the steam gives up
heat of vaporizatior: which is transmiti.d’ ‘ircugh th»
wall of conduit 48 to heat the liquor stream therein.
The water condensed on conduit 48 falls' back by
gravity through volume 52 into the body of water 54.

This heat transfer operation proceeds, on_a
continuous basis, as long as the two liquor streams
continue to flow along their respective conduits, with
theoretically no need to replenish the flmd heat-
transfer medium (water) since the heat- -exchange
system is closed. Scale formation is not avoided, but
occurs only on the readily descalable inner surfaces
of the conduits 46 and 48, since the outer surfaces of
the conduits are exposed only to nonscahng heat
transfer fluid.

In the method of the invention, the described
closed volume containing fluid heat-transfer medium
functions as a heat pipe to provide a simple
arrangement which (as a result of the well-known
close approach of the heat pipe to isothermal heat
transfer) affords heat transfer with essentially no
additional degradation of heat as compared to
slurry/slurry heat ftransfer across a single heat
exchange wall, while at the same time keeping both
surfaces which are in contact with the two slurries
equally accessible for cleaning by mechanlcal means
or high-pressure liquid jetting.

Preferably, the shell of the heat exchanger 40 is
compartmented into plural segments of convenient
length {e.g:, ~ 6 meters ) along its length, to permit
each section to reach its own equilibrium pressure
and minimize the temperature "steps” from segtion
to section, and hence to minimize the degradation of
the heat being transferred. Accordingly, plural
separate jackets (a second jacket 50" being shown
in Fig. 3) are disposed in spaced tandem relation to
each other along the conduits 46 - and 48, to
constitute the heat exchanger 40, with a different
equilibrium pressure in each jacket or shell segment

Very advantageously, the heat transfer method of
the invention can be employed in conjunction with
use of a tube digester, to realize the benefits

‘afforded by the latter type of digester. In a_tube

digester, as will be understood by persons of
ordinary skill in the art, the actual digestion (at
highest temperature and pressure) occurs ai one
locality of a long tube through which the caustic
bauxite slurry is pumped, with gradually increasing
temperature until the digestion conditions are
reached and traversed. In a simple embodiment, a
tube digester suitable for practice of the present
invention would have the arrangement shown in
Figs. 3 and 4 and already described, including a
horizontal tube 48 carrying the slurry to be heated,
and a second horizontal tube 46 carrying the sfurry
1o be cooled, disposed within a common horizontal
jacket such as a third larger tube 50, with the tube 48
to be heated above the tube 46 to be cooled, and
with the jacket 50 approximately half filled with a
suitable non-scaling heat transfer fluid 54 whlch will
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boil at the shell pressure at a temperature below that
of the slurry in the stream to be cooled and
condense at a temperature above that of the slurry in
the stream to be heated.

in operation, the fluid in the jacket space 52 is
boiled by the hot slurry in the tube 46 submerged in
it, and the vapor condenses on the surface of the
upper tube 48, transferring the latent heat (which is
relatively very large) to the contents of this tube. The
condensate drips off and returns to the boiling pool
below. The external (jacket) fluid therefore serves
only to couple the two heat transfer surfaces (of
tubes 46 and 48), and in principle never has to be
renewed. Because heat transfer occurs under
boiling and condensing conditions at the two
surfaces, with the usual very high heat transfer
coefficients under these conditions, and there is
negligible resistance in the vapor/condensate trans-
fer from one surface to the other, there would be
only a very small additional overall resistance to heat
transfer compared to the case of heat transfer from
one slurry across a common wetted surface to the
other. This added resistance can be siill further
reduced by the use of known means of enhancing
heat transfer on the outside surfaces, e.g. by
providing fins, ribs, grooving or fluting (not shown)
on the outer surfaces of tube 46 and/or tube 48,
since these surfaces will not be subject to scaling,
and hence the heat-transfer-enhancing feature will
not be rapidly submerged by a build-up of scale.

It will be appreciated that the overall effect of the
proposal is not to reduce or prevent scaling by either
the heating or heated slurry but merely to make all
the surfaces prone to scaling equally accessible for
chemical, mechanical or hydraulic cleaning. That is
to say, the invention in the described embodiment
enables non-flashing heat interchange between the
two streams, for example in a tube digester, while
keeping all scaling problems confined to surfaces for
which known descaling techniques exist. Of course,
as compared to con ventional concentric jacket-
and-tube heat transfer between countercurrent
streams, the present invention involves provision of
two tubes instead of one in the jacket, and usually an
increased diameter jacket, i.e., additional capital
cost that may to some extent offset the benefit of
reduced maintenance costs. As a result, a conven-
tional tube digester may be preferable for those
parts of a process circuit where the scale on both
sides of the single tube could be readily removed
chemically, or where no scale is likely to form, while
the heat-pipe tube digester used for the present
method, with increased cost per unit heat transfer
area, would be used only in those parts of the circuit
where scales would otherwise form on a surface or
surfaces which cannot reliably be descaled by
chemical means.

By way of specific illusiration of the economic
benefits of the present invention as embodied in a
Bayer process operation of otherwise generally
conventional character, a comparison may be made
between a hypothetical example of such operation
employing the invention, and an operation using the
flash heat-exchange procedure of the prior art.

Referring to prior art operation in a typical
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low-temperature Bayer plant (digestion at ~143°C)
as shown in Fig. 1, the stream leaving the digester 11
at 143°C is to be cooled to the atmospheric boiling
temperature for the separation of the red mud
(~107°C) in stage 14, and the spent liquor stream
passing to the digesters is to be heated from its
original temperature at the test tanks (about 78°C in
current practice) to the maximum temperature
which can be achieved by heat recuperation, viz. in
the flash heat exchanger series 36. The remainder of
the heat required in this stream (to be heated to
about 160-165°C to balance the colder bauxite slurry
stream with which it is mixed to enter the digester
and to supply the heat of dissolution of the alumina
from the bauxite into the caustic sode solution and
achieve a digestion temperature of ~143°C) has fo
be provided by steam raised from an external source
of energy, which represents a major operating cost
in the process.

An analogous second flashing heat recovery
system (represented in Fig. 1 by flash heat ex-
changer series 38) for recovering further heat from
the clarified liquor stream after red mud separation
into the spent liquor after alumina hydrate precipita-
tion also exists (the vacuum cooling/vacuum heating
system) in many Bayer plants, but need not be
discussed in detail, since its operation is similar.

Considering the flash heat exchanger series 36 of
Fig. 1, the stream leaving the digester at ~143°C
enters the first (138 kPa) flash tank of the cooling
stage 12, and the temperature of the digested slurry
leaving this flash tank after flashing is typically in the
region of ~131°C. The flash steam transmitting the
heat {o the third bank of spent liquor heat ex-
changers in heating stage 30 therefore leaves the
flash tank at ~131°C. Because of the boiling point
rise of the liquor as a result of the dissolved salts
contained in it, however, this steam will be super-
heated by the amount of the boiling point rise (e.g.,
~5°C) at the moderate caustic concentrations used
in many low temperature Bayer plants, and even
ignoring other heat losses and pressure losses in
the steam piping interconnecting the flash tank and
the heat exchanger shell, this steam will only
condense to provide heat on the shell side of the
shell and tube exchanger at ~ 126° C. Typically, shell
and tube exchangers in highly scaling environments
such as this have an exit approach temperature of
5-6°C in average-clean condition. The maximum
regenerative temperature which can be achieved for
the liquor being heated in this system against the
digested slurry initially at 143° C will therefore be only
about 120°C.

Of the very large temperature driving force of
~23°C which at first sight seems to exist, ~5°C
does not in fact exist as a result of the boiling-point-
rise penalty in this type of heat recovery scheme,
and another ~ 12°C is wasted by the degradation of
the heat arising from the stepwise nature of the
flashing process and the large size of the tempera-
ture steps which typically have to be used. A similar
situation also occurs at each of the other two
digestion flashing stages and each of the three
(typically) regenerative vacuum heating stages. The
whole sysiem is clearly not an efficient system of
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recovering heat, aithough it does have the advant-
ages that scaling on the outside of the heat
exchanger tubes (here heated by condensing flash
steam) is largely avoided, except when slurry
droplets are carried over in the flashed steam; and
that the water cordensed from the flashed steam is
removed from the process, assisting in achieving an
overall water balance, though this liquor-concentrat-
ing effect occurs at an undesirable part of the
process (between digestion and precipitation),
whereas best process productivity would be
achieved by having maximum caustic soda concen-
tration in the liquor at digestion and minimum
concentration in precipitation.

If, on the other hand, heat transfer from the
digester exit siurry at 143°C to the spent liquor were
to be effected (by use of the method of the present
invention) without having to interpose a flashing
operation, using (for the present method) heat
exchangers having overall heat transfer coefficients
of average value similar to that in the existing
exchangers, and having similar heat exchange
areas, there would then be no boiling point loss
penalty (no flashing and reconden sation of steam
from the digested slurry) and no degradation of heat
due to flashing operation. It should be possible
thereby to achieve a regenerative liquor temperature
approximately ~17°C (5 + 12°C) higher than at
present, all the way up the heat exchange train. In
practice, it is likely that the overall heat transfer
coefficient would be slightly lower, as a result of the
double heat transfer involved in the method of the
invention, but this could be readily compensated for
by a corresponding slight increase in the heat
transfer area.

Thus, instead of providing live steam to heat the
spent liquor from ~120°C to ~160°C, it would then
only be necessary to provide live steam to heat the
spent liquor from ~137°C to ~160°C. The live
steam consumption in digestion would therefore
decrease to about 23/40 or ~58% of its present
value, to a first approximation.

Figs. 5 and 6 show, in cross-section similar to
Fig. 4, multi-tubular heat-pipe tube digesters. In
certain instances, the use of a single tube for
carrying the stream to be heated or cooled would
require a tube of large tube diameter, which would
have a smali surface area per volume of liquor
flowing, and would accordingly necessitate a very
great length for the tube digester if a single tube for
the flow in each direction is used. In this case, it may
be preferable to use two, three, or more tubes for
carrying each stream in order to gain in the transfer
area per unit length of the device; although the
diameter of the jacket tube may increase, the added
cost of such increase is likely to be far more than
balanced by the reduction in total length of jacket
required.

Fig. 5 shows a structure in which the single iube
46 of Figs. 3 and 4 for the hotter process liquor
stream is replaced with two parallel tubes 64 and the
single tube 48 of Figs 3 and 4 for the cooler process
liquor stream is repiaced by two parallel iubes 66. As
in the structure of Figs. 3 and 4, alf four of these
fubes extend horizontally in axially paraliel relation to
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each other, with the two tubes 66 disposed above
the two tubes 64. All four tubes are laterally
surrounded by a shell or jacket tube 68, which has
ciosed ends (not shown) and defines ‘a closed
volume 70 about half-filled with a body 72-of fluid
heat-transfer medium; the outer surfaces of ‘the
fubes 684 are exposed i0 the irterior oy the. voiume 7u
and are immersed in the body 72, while: the outer
surfaces of the tubes 66 are exposed to the volume
70 above the level of the body 72. Performance of the
method of the invention with this structure procéeds
in the same manner as in the structure of Figs. 3 .and
4, except that each process liquor stream flows
through two tubes rather than one. |
As indicated in Fig. 6, the number’ of tubes
carrying each process siream may ‘be; further
increased. Fig. 8 shows a modification of the Fig. 5
structure (with like features correspondmgly num-

‘bered) in which the two lower tubes 64 are replaced

with a first multiplicity of paraiiel horizontal ttbes 64a
immersed in the heat-transfer fluid body 72’in the
lower half of the volume 70 defined by jacket 68, and
the two upper tubes 66 are replaced with.a second
multiplicity of horizontal tubes 66a (parallel to each
other, and above and parailel to the ‘tubes ‘64a)
having outer surfaces exposed in the upper half of
the volume 70, above the level of the fluid body 72. In
this structure, the stream to be heated passes
through the set of tubes 66a in the upper haif, and
the stream to be cooled passes through the set of
tubes 64a in the lower half. The tubés’ may be
arranged for single-pass operation, with ~ each
stream divided into plural parallel flows (in the
respective tubes 64a or 66a) that pass unidirection-
ally through the heat exchange zone; alternatively,
the tubes may be arranged to provide multi-pass
operation for one or both streams through the he_at
exchange zone.

Figs. 7 and 8 illustrate a single pass/smgle pass
muititube shell/tube type heat-pipe heat exchanger
for the practice of the present method, ° also
employing a muititude of spaced, parallel, horizontal
tubes for each of the two process liquor sireams
between which heat is to be transferred. The
structure includes a generally cyllndrlcal “axially
horizontal shell 74 with closed ends, divided inter-
nally by two transverse vertical walls 76 and 78 into

_an elongated central heat exchange zone or cham-

ber 80 and opposite end chambers 82 and 84. Each
of the chambers 82 and 84 is divided by d perforation
resistant single or multiple-layered horizontal wall
(86 or 88) into a lower half (82a or 84a) and an upper
half (82b or 84b), the walls 86 and 88’ serving to
isolate the upper halves of the end chambers from
the lower halves so as to prevent fluid communica-
tion therebetween. The central chamber 80, unlike
the end chambers, has no horizontal dividing wall
but is instead arranged for free fluid communication
throughout. and between its upper and lower
portions.

Multiple axially horizontal tubes 90 extend (in
spaced parallel relation to each othér) through the
lower half of the central chamber 80 between the
transverse walls or tubesheets 76 and 78. The tubes
90 open through the latter walls into the lower haives
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82a and 84a of the iwo end chambers. Similarly,
multiple axially horizontal tubes 92 extend (in spaced
paralle! relation to each other and to the tubes 90)
through the upper half of the ceniral chamber 80
between the transverse walls or tubesheets 76 and
78, and open through those walls into the upper
halves 82b and 84b of the two end chambers. The
lower tubes 90 correspond to the lower tubes 64a
shown in Fig. 6, serving to conduct the hotter of the
two process liquor streams (the stream to be
cooled) through the heat exchange zone or chamber
80, while the upper tubes 92 correspond to the
upper tubes 66a of Fig. 6, serving to conduct the
cooler process liquor stream (which is to be heated)
through that chamber.

An inlet 94 and an outlet 96 for the hotter process
liquor stream open respectively into the lower end
half chamber 84a and the lower end half chamber
82a. In like manner, an inlet 98 and an outlet 100 for
the cooler process liquor stream open respectively
into the upper end half chamber 82b and the lower
end half chamber 84b. The inlet 94, half chamber 84a,
tubes 90, half chamber 82a, and outlet 96 together
provide a continuous unidirectional (single-pass)
flow path for the hotter process stream into, through
and out of the lower region of the interior of shell 74,
the inlet 98, half chamber 82b, tubes 92, half
chamber 84b, and outlet 100 correspondingly pro-
vide a continuous unidirectional (single-pass) flow
path for the cooler process stream into, through and
out of the upper region of the interior of shell 74, in a
direction countercurrent to the direction of flow of
the hotter stream. Those skilled in the art of heat
exchanger design will understand that by suitable
subdivision of the corresponding half-end spaces by
internal baffles (not shown), it will also be possible to
provide readily for multi-pass operation with respect
to the warmer stream, the cooler stream, or both
these streams, if required.

The sheli 74 and transverse walls or tubesheets 76
and 78 cooperatively constitute the central chamber
80 as a closed volume, to which the outer surfaces of
the lower tubes 90 and of the upper tubes 92 are all
ex posed. Within this volume there is provided a
liquid-state body 102 of a fluid heat-transfer medium,
filling the lower half of the volume so as to cover the
tubes 90, the tubes 92 being above the level of the
body 102 within the chamber 80. As will be
understood, in operation the two process sireams,
flowing in countercurrent direction through the
tubes in shell 74 as described, are completely
isolated from each other and from the closed volume
by the wallls 76, 78, 82, and 84 and the tubes 90 and
92, and are also isolated from the outer surfaces of
the tubes 90 and 92, which are contacted only by the
fluid heat-transfer medium of body 102; i.e., the
process liquor streams are in contact only with the
inner surfaces of tubes 90 and 92, respectively. Heat
from the lower process stream vaporizes fluid of the
body 102, and the vapor rises and condenses on the
outer surfaces of tubes 92, transferring heat to the
upper (cooler) process stream. The condensate
returns by gravity to the body 102,

The heat exchanger of Figs. 7 and 8, like that of
Fig. 6, is shown as including approximately equal
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numbers of tubes (90 and 92, respectively) for each
of the two process sireams. However, such struc-
tures can be arranged to provide a greater number
of tubes for one process stream than for the other,
to achieve particular operating characteristics, as
further discussed below.

A plate-type heat-pipe digester or heat exchanger
for the practice of the present method is illustrated
very schematically in Fig. 11. In this case, the hotter
process liquor stream (to be cooled) is caused to
trickle in film flow over a first set of vertically
arranged, hollow, heat-transmissive plate structures
132 enclosed within a first shell 134, while the cooler
process liquor stream (to be heated) is caused to
trickle in film flow over a second set of vertically
arranged, hollow, heat-transmissive plate structures
136 enclosed within a second shell 138 at a higher
elevation than the plate structures 132 in shell 134.
The interiors of the plate struciures 132 are
connected to the interiors of the plate structures 136
by tubes 140 and 142, so as cooperatively to define
closed volumes (each constituted of the hollow
interior of a plate structure 132, the hollow interior of
a plate structure 136, and the tubes 140 and 142
interconnecting these interiors) for holding a fluid
heat-transfer medium. A liquid-state body of the fluid
medium largely fills the portion of each such volume
within a lower plate structure 132 (to a level 144
therein, leaving some space for vaporization). Thus,
heat from the hotter process stream vaporizes fluid
of this body, and the vapor rises through tubes 140
to condense within the interior of the associated
upper plate structure 136, heating the cooler upper
process stream passing over the plate structure
136; the condensate collects within the upper plate
structures as indicated at 146, and returns by gravity
through tubes 142 to the interior of the lower plate
structure.

That is to say, the slurry or liquor to be heated
passes in contact with plate surfaces (of structures
136) heated internally by condensation of the
heat-transfer fiuid vapor generated below by the
slurry being cooled passing over the outside of
another set of plates 132 enclosing the liquid-state
heat-transfer fluid. This enables advantage to be
taken of the high heat transfer coefficients and iow
scaling rates and capital costs of such enclosed
plate heat exchange surfaces while keeping all of the
scaling which does occur on the outside (ac-
cessible) surfaces of the plates. Such a system
would also permit a Bayer evaporaior to be run on
heat directly recovered from a hot slurry while
keeping all scalable surfaces accessible.

A group of the shells 134 containing plate
structures 132, and an associated group of the
shells 138 containing plate structures 136, can be
arranged in series. The process stream to be cooled
is advanced successively through the series shells
134 in one direction, while the process stream to be
heated is advanced through the series of shells 138
(respectively associated with shelils 134) in a
countercurrent direction.

A heat exchanger of spiral exchanger configura-
tion for performing the present method is shown in
Figs. 9 and 10. This structure includes an axially
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vertical cylindrical jacket 104 having a removabie iop
cover 106 and a removable bottom cover 108
cooperatively defining an interior chamber 110 which
is divided by a horizontal septum 112 into a lower haif
chamber 114 for a hotter process liquor siream and
an upper half chamber 118 for a cooler process
liquor st «am, the septum serving o isolate the iwo
streams from each other. A ceniral inlet 118 is
provided in the bottom cover to admit the hotter
stream to the lower half chamber 114, and an outlet
120 for that stream is provided in the lower portion of
the jacket 104. An inlet 122 for admitting the cooler
process stream to the upper half chamber 116 is
provided in the upper portion of the jacket, while a
central outlet 124 for the latter stream it provided in
the top cover.

Centered within the chamber 110, and extending
through the septum 112 from the top cover to the
bottom cover, is an axially vertical, heat-transmissive
(e.g. metal-walled), hollow spiral heat-exchange
element 126, defining an internal closed volume 128
for holding a fluid heat-transfer medium. A liquid-
state body 130 of this medium fills the lower half of
the volume 128, viz. to about the level of the septum
112. It will be seen that the structure of Figs. 9and 10
thus defines a continuous spiral lower channel for
flow of the hotter process stream, from the iniet 118
to thie outlet 120, in contact with the lower portion of
the walls of element 126 that face away from volume
128, and similarly defines a continuous upper spiral
channel for flow of the cooler process stream from
infet 122 to outlet 124 in like contact with the upper
portion of element 126, the two flows being
countercurrent to each other and completely iso-
lated from each other and from the closed volume
128. in operation, heat from the lower (hotter)
process stream vaporizes fluid of the body 130 in the
lower portion of element 128; the vapor, rising, is
cooled so as to condense in the upper portion of
volume 128, heating the upper (cooler) process
stream, with return of condensate by gravity to body
130 within the volume.

It is to be understood that the invention is not
limited to the procedures and embodiments hereina-
bove specifically set forth, but may be carried out in
other ways without departure from its spirit.

Claims

1. A method for transferring heat from a first
process liquor stream to a second process
liquor stream which is initially at a temperature
lower than that of the first stream, comprising
the steps of passing the first and second
streams in contact with, respectively, a first
surface of a first heat-transmissive wall and a
first surface of a second heat-transmissive wall,
each of the walls having a second surface which
is opposed to the first surface thereof and is
exposed to a closed volume for containing a
fluid, the streams being isolated from each
other, from the second surfaces of both walls,
and from the volume; maintaining a preselected
gas pressure within the volume; and maintain-
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ing, in the volume, a liquid-state body of a fluid
heat transfer medium in contact with the
second surface of the first wall but only partly
filling the volume, the medium and the pressure
being mutually selected such that at said
pressure, the medium has a boiling point lower
than the initia} icinpe=ire of . ¥ 3t stroax
but higher than the initial temperature of the
second stream such that the medium in the
volume is partially in vapor state owing to
transfer of heat to the body from the first stream
through the first wall, the second surface of the
second wall being disposed for condensation
thereon of vapor-state transfer medium in the
volume by transfer of heat to the second stream
through the second wall, with return of con-
densed transfer medium from the second
surface of the second wall to the body.

2. A method according to claim 1, wherein the
second wall is disposed above the first wall, and
the closed volume is arranged for free fluid
communication between the respectivé second
surfaces of these walls, such that vapor-state
transfer medium rises from the liquid-state
body to the second surface of the second wall
within the closed volume, and condensed
transfer medium returns by gravity from the
second wall to the body.

3. A method according to claim 2, wherein
said first and second process liquor streams
are sireams that deposit scale on surfaces with
which they come into contact, and wherein said
fluid heat transfer medium is a non-scale-for-
ming fluid.

4. A method according to claim 3, wherein
said first and second process liquor streams
are caustic Bayer process liquor streams.

5. A method according to claim 2, wherein
each of said walls comprises at ieast one
conduit, through the interior of which one of the
process liquor streams passes; and wherein
the conduits are laterally enclosed together
within a jacket defining said closed volume and
partially filled with said fluid heat transfer
medium.

6. A method according to claim 5, wherein
each of said walls comprises a plurality of
conduits.

7. A method according to claim 5, wherein
said conduits extend generally horizontally.

8. A method according to claim 5, wherein a
plurality of closed volumes isolated from each
other are respectively provided by a plurality of
volume-defining jackets disposed in spaced
tandem relation to each other along the length
of said conduits, each of said volumes contain-
ing a body of a fluid heat-transfer medium in
liquid state as aforesaid, and wherein different
equilibrium pressures are respectively main-
tained in different ones of said volumes.

9. In a Bayer process freatment of bauxite
where a slurry of bauxite in caustic liquor is
digested at high temperature and pressure to
dissolve alumina values as sodium aluminate,
and separated into solids and a pregnant liquor
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siream, from which aluminum hydroxide is
precipitated leaving spent liquor, a method of
transferring heat from the hot digested slurry or
pregnant liquor through iwo heat exchange
walls to fresh caustic bauxite slurry or spent
liguor while inhibiting creation of scale on more
than one surface of each such heat exchange
wall, comprising causing the hot digested
caustic slurry or pregnant liquor to pass in
contact with one face of a heat exchange wall
and thereby transferring heat from said di-
gested slurry or pregnant liquor to a heat
transfer fluid in contact with the other face of
said wall, and causing fresh caustic bauxite
slurry or spent liquor to pass in contact with one
face of another heat exchange wall while
presenting the aforesaid heated heat transfer
fluid into contact with the other face of said
last-mentioned wall, whereby heat from the
digested slurry or pregnant liquor is transferred
into the fresh caustic slurry or spent liquor, said
transfer fluid being non-scale-forming and said
heat exchange walls being each exposed to
caustic liqguor on only one face thereof, said
transfer fluid being essentially in liquid state
when it receives heat from the hot slurry or
pregnant liquor through the first-mentioned wall
and being thereby vaporized, the aforesaid
transfer of heat from the said transfer fluid
oceurring from vapor state of the latter and
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comprising condensation at the second-men-
tioned wall, said transfer fluid thereby returning
to liquid state, and said transfer fluid in said
last-mentioned liquid state being recycled to
the body of transfer fluid in liquid state that is in
contact with the first-mentioned wall, said heat
thus transferred from the digested slurry or
pregnant liquor to the fresh slurry or spent
liquor thus comprising heat of vaporization of
the non-scale-forming transfer fluid.

10. A method according to claim 2, wherein
said first and second process liquor streams
are streams that are abrasive o surfaces with
which they come into contact, and wherein said
fluid heat transfer mediurn is a non-abrasive
fluid.

11. A method according to claim 2, wherein
said first and second process liquor streams
are streams that are corrosive to surfaces with
which they come into contact, and wherein said
fluid heat transfer medium is a non-corrosive
fluid.

12. A method according to claim 2, wherein
said first and second process liquor streams
are streams that are dangerous to mix with one
another, and wherein said fluid heat transfer
medium is a fluid that is not dangerous to mix
with either stream.
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